



































































































































g = force of gravity 33.2 ft2/s
d50 = median diameter of bed material.

The Neil (1964) equation is

0.
8 - 15k (/0% 2)
b
where
ds = computed depth of scour
b = width of pier
y = average flow depth
k =1 to 7 for angle of attack

The third equation is based on Copp and Johnson (1987:

ds = (dsm) (ké) (ka) (ks) (kfs), (3)
where
ds = computed depth of scour

dsm = uncorrected value of scour depth due to piler width
ké = particle size coefficient

ka = design factor for angle of attack of stream to pier
ks = pier nose shape (use 1.0 if pier is not aligned to flow)
kfs = safety factor coefficient (not used for this determination).

Results of this comparison showed that the Rogue River bridge 8432 had a
measured scour depth of 2.5 ft and the calculated scour depths rnaged from
2.6 to 12.2 ft depending on the equation used. Sandy River bridge 6875A
had a measured scour depth of 5.1 ft and the calculated scour depths
ranged from 5.2 to 20.7 ft. Computation results of these equations are
shown in table 5.

Table 5.--Comparison of predicted scour-hole depths from formulas with field
measurements of old scour-hole depths

Field
Equation predictions in feet measurements of
Site Bridge Copp and maximum scour
location number Conditions Froehlich Neill Johnson (feet)
Rogue River at 8432 Well-graded 4.2 13.6 2.6 2.5
Grants Pass, OR Particle size
Pier 3
Sandy River nr 6875A Approach angle 7.1 20.7 5.2 5.1
Troutdale, OR 15-degrees
Pier 2 Well-graded

Particle size
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APPLICATION OF SURFACE-GEOPHYSICAL METHODS TO
FUTURE BRIDGE-SCOUR STUDIES

Surface-geophysical methods methods have several useful
applications to future bridge-scour studies, such as surveillance, scour
equation verification, riprap inspection, and inspecting scour around
bridge piers after major floods.

Surface-geophysical methods can be used as part of a surveillance
program during routine inspections to locate scour-prone sites. When
these scour prone sites are located, periodical inspections for
infilling can be made using these methods. Background information, such
as the depth and width of holes excavated during construction and the
type of material used to backfill around piers after completion, would
improve the surveillance application of the surface-geophysical methods,

Scour equations can be evaluated, given certain conditions and
assumptions using data collected with surface-geophysical methods.
Infilling often occurs after the initial scour has taken place, making
accurate determination of the actual scour-hole depth difficult when
using conventional methods (Gorin and Haeni, 1989). During this study,
surface-geophysical methods provided infilled scour data which were
compared with computed scour from three equations.

The effectiveness of riprap as a deterrent to pier and abutment
scour has been studied for some time (Parola and others, 1989).
Surface-geophysical methods detected riprap at several locations during
this study. At the Columbia River I1-205 Bridge, riprap could be seen on
surface-geophysical record even when it was covered by sediment (figs.
9A, 9B, 9C). Surface-geophysical measurements would be helpful in
determining the effectiveness of riprap as a scour deterrent.

SUMMARY AND CONCLUSIONS

Three surface-geophysical methods--ground-penetrating radar, high
frequency continuous seismic reflector method (tuned transducer), and
color fathometer--were used to examine fourteen bridge sites in Oregon.
Bridge piers were studied using one or more of the geophysical methods
from a boat. Results of the surface-geophysical methods were verified
by measuring the depth from the water surface to the pier footing,
existing scour hole, and bottom of the infilled scour hole with a probe.

Each surface-geophysical method used was effective in detecting
infilling around piers; however, not every method was effective at each
site. Ground-penetrating radar was limited to depths less than 25 ft in
water with low specific conductance, while tuned transducer and color
fathometer methods worked in water depths ranging from 5 to 50 ft.
Interpretations of the surface-geophysical data were complicated by side
echoes from the pier and multiple reflections. This required
verification of interpreted depths by probing. Interpreting the
elevations of the bottom of infilled scour holes using ground-
penetrating-radar record was more difficult than tuned transducer or
color fathometer methods, because radar signals travel at different
velocities in water and sediments. No one surface-geophysical method
proved more valuable than the other during this study, because of the
varying conditions of the sites tested.
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Results from surface-geophysical measurements showed that the
bottom of infilled scour holes are about 2.5 ft beneath the bottom of
the pile caps at bridges R8588C and R8588E in the Willamette River at
Portland. Sandy River bridges 332 and 332A have existing scour holes
with 1little infilling. The bottom elevations of the scour holes are
near the bottom of the seal. Geophysical results showed that 4 to 5 ft
of new sand has moved in over the existing channel bottom beneath the
old Highway 101 bridge at Waldport in the vicinity of piers five and
six. Scour has occurred as deep as the bottom of the spread footings at
the Deschutes River bridge 332 and at the Rogue River bridge 1418.

Measured scour depths were compared to calculated scour depth
derived from three scour equations. Scour equations used in predicting
maximum scour around piers require: (1) flow direction to be nearly
parallel to the piers, (2) piers to be clear of debris, and (3) no
riprap around piers. Of the 14 bridges studied, none met all three
requirements needed for accurate prediction of maximum scour. Two sites
were selected where the maximum scour depths were calculated and
compared with measured data. Rogue River bridge 8432 had a measured
scour depth of 2.5 ft and the calculated scour depths ranged from 2.6 to
12.2 ft depending on the equation used. Sandy River bridge 6875A had a
measured scour depth of 5.1 ft and the calculated scour depths ranged
from 5.2 to 20.7 ft. A larger data base is needed to be able to compare
the effectiveness of scour equations with actual scour depths.
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DEFINITION OF TERMS
Bent is a bridge substructure element immediately below the
superstructure. It may be a bridge pier, column, abutment or a pile
supported cap.

Black-and-white fathometer is a sonic depth finder.

Color fathometer (CF) is a sonic depth finder that displays signals on a
screen in color. These colors represent the amplitudes of the reflected
signals that are related to the physical properties of the sediment
interfaces. This device is used to detect subbottom stratigraphy
beneath water covered areas.

Ground-penetrating radar (GPR) is a geophysical method that propagates
electromagnetic signals in the 8G-1,000 megahertz frequency range. It

is designed to send signals into the ground and record reflections from
subsurface layers.

Multiples are reflected GPR, TT, and CF signals that reverberate in the
water column. Water-bottom multiples may occur more than one time and
appear on the record as a separate image at twice (three-times, four-
times, etc.) the depth of the water. Multiples sometimes interfere with
bottom and subbottom signals by being recorded over the original signal,
thus covering up or masking the desired trace.

Pier is a substructure element either constantly or occasionally
inundated by water.

Pier footing see definition of spread footing. The footing may be the
bottom of the substructure placed on dense sands and gravel or bedrock
or may be above a concrete seal. Pier footings may be pile supported.

Pilings are slender deep foundation units, made of materials such as
wood, steel, or concrete, or combinations thereof, which is either pre-
manufactured and placed by driving, jacking, jetting, or screwing, or
cast-in-place in a hole formed by driving, excavating, or boring. Their
purpose is to resist or transfer vertical, horizontal, or combination
loads imposed upon them.

Seal is a concrete mass (usually not reinforced) poured under water in a
cofferdam that is designed to resist hydrostatic uplift. The seal
facilitates construction of the footing in dry conditionms.

Seismic waves are sound waves transmitted by TT, or CF that pass through
the water column into the subbottom sediments.

Side echo is a signal that reflects off an object adjacent to the
transducer or antenna., This occurs when the transducer or antenna is
close to an object (such as a pier). Side echoes obscure bottom and
subbottom signals and can make interpretation of the data difficult.

Sonar signals are sound waves transmitted through water.
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Spread footing is the bottom of the substructure, and is a reinforced
concrete mass supporting the weight of substructure and superstructure
components. The spread footing may either support an abutment, pier,
bent, column, or retaining wall. Spread footings are usually placed on
scour resistant dense sands and gravel or bedrock. Spread footings may
be pile supported.

Tuned transducer (TT) is a geophysical device that propagates seismic
signals in the 3-14 kilohertz frequency range. It is designed to
transmit seismic signals into the water column and subbottom and record
reflections from subbottom layers beneath the river. This device is
sometimes referred to as a subbottom profiler.
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